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57 ABSTRACT

The present disclosure provides a demodulation method and
apparatus, a decoding method and apparatus and a baseband
chip in a communication system. The decoding method
includes: when demodulated data in a buffer space is enough
to form a second predetermined number of CB data, reading
the demodulated data to form the second predetermined num-
ber of CB data from the buffer space; decoding the second
predetermined number of CB data. The buffer space includes
a plurality of buffer regions corresponding to different CWs.
Each of buffer regions store the demodulated data belonging
to the CW, reading the demodulated data to form the second
predetermined number of CB data in the buffer space includes
reading the demodulated data belonging to the CW in the
buffer region corresponding to the CW. The present disclo-
sure saves memory space of the baseband chip.
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DEMODULATION METHOD AND
APPARATUS, DECODING METHOD AND
APPARATUS AND BASEBAND CHIP IN
COMMUNICATION SYSTEM

FIELD OF THE DISCLOSURE

The present disclosure generally relates to mobile commu-
nication technology, and more particularly, to a demodulation
method and apparatus, a decoding method and apparatus and
a baseband chip in a communication system.

BACKGROUND

Long Term Evolution (LTE) is an evolution of the Third
Generation Mobile Communication (3G). It improves and
enhances the radio interface technologies of 3G, and uses
Orthogonal Frequency Division Multiplexing (OFDM) and
Multiple-Input Multiple-Output (MEMO) as sole standards
of the wireless network evolution. LTE can provide 150
Mbit/s peak rate of uplink and 300 Mbit/s peak rate of down-
link in 20 MHZ spectral bandwidth. Meanwhile, LTE
improves the performance to cell-edge users, increases cell
capacity and decreases system delay. Compared with 3G,
LTE has advantages of high communication rate and spec-
trum efficiency, low wireless network delay, continuous area
coverage and downward compatibility. However, the imple-
mentation of LTE requires a high-level design for User Equip-
ment (UE) terminal, such as high baseband chip’s ability to
demodulate service data carried in a downlink channel and
decode the demodulated data at a terminal, and taking as little
as possible memory space of the baseband chip.

FIG. 1 illustrates a conventional method for processing a
Physical Downlink Control Channel (PDSCH) in a TD-LIE
system. Referring to FIG. 1, after a UE receives OFDM
symbols sent from a base station, a Fast Fourier Transforma-
tion (FFT) processor 11 processes the received OFDM sym-
bols to form FFT data. The FFT data is stored in a FFT buffer
12 and de-multiplexed by a Resource Element (RE) de-mul-
tiplexer 13, namely, extracting RE data in the PDSCH of the
UE among the FFT data. Meanwhile, channel parameters are
extracted from the FFT data through a Channel Estimation
(CHE) unit 14, therefore a CUE result (i.e. channel param-
eters) which matches with an OFDM symbol is output into a
CHE buffer 15. Then, after a MIMO demodulator 16
demodulates the RE data from the RE de-multiplexer 13 by
employing the CHE results in the CHE buffer 15, the
demodulated data (generally being soft-bit data) is stored in a
buffer space 17 in the PDSCH. When the demodulated data in
the buffer space 17 in the PDSCH accumulates to a subframe,
a Forward Error Correction (FEC) decoder 18 starts to decode
the subframe. And the FEC decoder 18 includes a
de-scramble unit 181, a de-rate matching unit 182, a Hybrid
Automatic Repeat Request (HARQ) unit 183, a channel
decoding unit 184 and a check code decoding unit 185, etc.

Therefore, FEC decoding of the PDSCH is performed in
subframe. In practice, a pipeline in subframe is formed
between the MIMO demodulator 16 and the FEC decoder 18,
namely, MIMO demodulation of a current subframe and FEC
decoding of a previous subframe are performed in parallel.
Therefore, soft-bit data of two subframes need to be cached in
the buffer space 17 of the PDSCH, which occupies a lot of
memory space of a baseband chip.

More information relative to a method for demodulating
and decoding of a PDSCH may refer to US patent publication
No. US2011085458A1 entitled “DOWNLINK CONTROL
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2
INFORMATION FOR EFFICIENT DECODING”, however,
which still leaves aforementioned problems unsolved.

SUMMARY

The present disclosure provides a method and apparatus to
save memory space of a baseband chip in a UE.

Embodiments of the present disclosure provide a demodu-
lation method in a communication system, in order to
demodulate service data in a downlink channel, including:
demodulating RE data belonging to the downlink channel in
OFDM symbols one by one to obtain demodulated data and
storing the demodulated data in a buffer space; suspending
demodulating RE data when the buffer space does not have
enough space to store a first predetermined number of
demodulated data; continuing demodulating RE data when
the buffer space has enough space to store the first predeter-
mined number of demodulated data and storing the demodu-
lated RE data in the buffer space; where RE data includes
information modulated in a plurality of CWs (Code Word),
the buffer space includes a plurality of buffer regions corre-
sponding to different CWs, the demodulated data includes a
plurality of demodulated data belonging to different CWs and
storing the demodulated data in the buffer space includes
storing the demodulated data belonging to different CWs in
corresponding buffer regions corresponding to CWs respec-
tively.

Optionally, suspending demodulating RE data when the
buffer space does not have enough space to store the first
predetermined number of demodulated data includes: sus-
pending demodulating RE data as long as there is one buffer
region corresponding to a CW in the buffer space not having
enough space to store the first predetermined number of
demodulated data belonging to the CW.

Optionally, continuing demodulating RE data when the
buffer space has enough space to store the first predetermined
number of demodulated data includes: continuing demodu-
lating RE data when each of the plurality of buffer regions
corresponding to CWs in the buffer space has enough space to
store the first predetermined number of demodulated data
belonging to the CW.

Optionally, the buffer regions may be First Input First
Output (FIFO) buffers.

Optionally, the amount of the buffer regions may be 2 or 4.

Optionally, the first predetermined number may be equal to
or greater than 1.

Optionally, the demodulated data may be soft-bit data.

Optionally, before demodulating RE data in OFDM sym-
bols one by one, the method further includes: obtaining RE
data corresponding to the downlink channel in the OFDM
symbols and CHE data corresponding to the OFDM symbols.

Optionally, the communication system may be a TD-LTE
system and the downlink channel may be a PDSCH.

Embodiments of the present disclosure further provide a
demodulation apparatus in a communication system to
demodulate downlink service data according to the demodu-
lation method. The demodulation apparatus includes: a
demodulation unit configured to demodulate RE data belong-
ing to the downlink channel in OFDM symbols one by one to
obtain demodulated data; a storing unit configured to store the
demodulated data from the demodulation unit in a buffer
space; and a control unit configured to control the demodu-
lation unit to suspend demodulating RE data when the buffer
space does not have enough space to store the first predeter-
mined number of demodulated data, and control the demodu-
lation unit to continue demodulating the RE data when the
buffer space has enough space to store the first predetermined
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number of demodulated RE data, and control the storing unit
to store the demodulated RE data in the buffer space; where
the RE data includes information modulated in a plurality of
CWs, the buffer space includes a plurality of buffer regions
corresponding to CWs respectively, the demodulated RE data
includes a plurality of demodulated RE data belonging to
different CW's and the storing unit is configured to store the
demodulated data belonging to different CWs into corre-
sponding buffer regions corresponding to CWs respectively.

Embodiments of the present disclosure further provide a
decoding method in a communication system. The decoding
method is configured to decode demodulated data in a down-
link channel, including: when the demodulated data in a
buffer space is enough to form a second predetermined num-
ber of Code Block (CB) data, reading all the demodulated
data which forms the second predetermined number of CB
data in the buffer space respectively; and decoding the second
predetermined number of CB data respectively; where the
buffer space includes a plurality of buffer regions, each of the
plurality of buffer regions stores the demodulated data
belonging to the CW, reading all the demodulated data which
forms the second predetermined number of CB data in the
buffer space respectively includes: reading the demodulated
data belonging to the CWs and enough to form the second
predetermined number of CB data from buffer regions corre-
sponding to CWs respectively.

Optionally, the buffer regions may be FIFO buffers.

Optionally, the amount of the buffer regions may be 2 or 4.

Optionally, the second predetermined number may be 1 to
3.

Optionally, the demodulated data may be soft-bit data.

Embodiments of the present disclosure further provide a
decoding apparatus in a communication system to decode
downlink channel demodulated data according to the decod-
ing method. The decoding apparatus includes: a reading unit
configured to read all the demodulated data which forms a
second predetermined number of CB data respectively in a
buffer space, when the demodulated data in the buffer space is
enough to form the second predetermined number of CB data;
and a decoding unit configured to decode the second prede-
termined number of CB data read by the reading unit; where
the buffer space includes a plurality of buffer regions corre-
sponding to CWs respectively, each of the buffer regions
corresponding to a CW stores demodulated data belonging to
the CW, and the reading unit is configured to read demodu-
lated data belonging to CWs and enough to form the second
predetermined number of CB data from the buffer regions
corresponding to CWs respectively.

Embodiments of the present disclosure further provide a
baseband chip including above-mentioned demodulation
apparatus and the decoding apparatus in a communication
system.

Compared with the prior art, the present disclosure has the
following advantages.

A demodulation method in a communication system is
provided. In the demodulation method, RE data belonging to
the downlink channel in OFDM symbols is demodulated one
by one to obtain demodulated data and the demodulated data
is stored in a buffer space; demodulating the RE data is
suspended when the buffer space does not have enough space
to store a first predetermined number of demodulated data;
and demodulating RE data is continued when the buffer space
has enough space to store the first predetermined number of
demodulated data and the demodulated data of RE data is
stored in the buffer space. Since the RE data includes infor-
mation modulated in a plurality of CWs, the buffer space
includes a plurality of buffer regions corresponding to CWs.
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The demodulated data is stored in corresponding buffer
regions according to the CWs the demodulated data belongs
to, respectively.

In the present disclosure, a decoding method in a commu-
nication system is provided based on the demodulation
method. The decoding method is configured to: when the
demodulated data stored in a buffer space is enough to form a
second predetermined number of CB data, all the demodu-
lated data to form the second predetermined number of CB
data is read from the buffer space; and the second predeter-
mined number of CB data is decoded respectively. Since the
buffer space includes a plurality of buffer regions correspond-
ing to CWs, and each of the buffer regions stores the demodu-
lated data belonging to the CW, correspondingly, the
demodulated data belonging to CWs and enough to form
second predetermined number of CB data is read from the
plurality of buffer regions respectively. In some embodi-
ments, the buffer regions may be FIFO buffers. When the
demodulated data in a buffer space is enough to form a second
predetermined number of CB data, all the decoded RE data in
the CB data is read one by one in the order of FIFO and the CB
data is then decoded.

The present disclosure can realize in a baseband chip in a
UE that the demodulation process stores the demodulated RE
data in a buffer space constantly and the decoding process
starts to decode when at least one CB data is cached in the
buffer space, the demodulation process suspends and waits
the decoding process to read the demodulated data when the
buffer space is full of the demodulated data, and the decoding
process suspends decoding and waits the demodulation pro-
cess to store the demodulated data in the buffer space when
there is less than one CB data in the buffer space.

Thus, it’s not necessary to start decoding only when there
is a subframe demodulated data in the buffer space. The
decoding process can start as long as there is one CB data
cached in the buffer space. As a result, demodulation and
decoding of one subframe can be performed in parallel,
thereby saving the memory space in the baseband chip. Fur-
thermore, since decoding process starts decoding when one
CB data is cached in the buffer space, decoding delay is
decreased and the real-time performance of a communication
system is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic diagram of a conventional
method for processing a PDSCH in a TD-LTE system;

FIG. 2 illustrates a schematic flow chart of a demodulation
method in a communication system according to one embodi-
ment of the present disclosure;

FIG. 3a illustrates a schematic diagram of a TD-LTE frame
structure;

FIG. 35 illustrates a schematic diagram of radio resource
structure of a slot in a downlink channel in the TD-LTE frame;

FIG. 4 illustrates a schematic flow chart of processing a
PDSCH in a communication system in the present disclosure;

FIG. 5 illustrates a schematic structure diagram of a
demodulation apparatus in a communication system accord-
ing to one embodiment of the present disclosure;

FIG. 6 illustrates a schematic flow chart of a decoding
method in a communication system according to one embodi-
ment of the present disclosure;

FIG. 7 illustrates a schematic structure diagram ofa decod-
ing apparatus in a communication system according to one
embodiment of the present disclosure;
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FIG. 8 illustrates a schematic flow chart of a demodulation
method of one subframe in a communication system accord-
ing to one embodiment of the present disclosure; and

FIG. 9 illustrates a schematic flow chart of a decoding
method of one subframe in a communication system accord-
ing to one embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

The present disclosure provides a demodulation method
and apparatus, a decoding method and apparatus, and a base-
band chip in a communication system. In the baseband chip,
the demodulation process stores the demodulated RE data in
a buffer space constantly while the decoding process starts
decoding when at least one CB data is cached in the buffer
space; the demodulation process suspends and waits the
decoding process to read demodulated data when the buffer
space is full of demodulated data, the decoding process sus-
pends and waits the demodulation process stores demodu-
lated data in the buffer space when there is less than one CB
data in the buffer space. It’s not necessary to start decoding
when there is demodulated data of a subframe in the buffer
space. The decoding process starts when one CB data is
cached in the buffer space. As a result, demodulation and
decoding of one subframe may be performed in parallel,
thereby saving the memory space in the baseband chip. Fur-
thermore, since decoding process starts decoding when at
least one CB data is cached in the buffer space, decoding
delay may decrease and the real-time performance of a com-
munication system may be improved.

In order to clarify the objects, characteristics and advan-
tages of the disclosure, embodiments of present disclosure
will be described in detail in conjunction with accompanying
drawings.

However, the present disclosure is not limited to the
embodiments described below.

FIG. 2 illustrates a schematic flow chart of a demodulation
method in a communication system in the present disclosure.
Referring to FIG. 2, the demodulation method includes the
following steps of Step S11 and Step S12.

In Step S11, RE data belonging to a downlink channel in
OFDM symbols is demodulated one by one to obtain
demodulated data; the demodulated data is stored in a buffer
space; and demodulating the RE data is suspended when the
buffer space does not have enough space to store a first pre-
determined number of demodulated data.

In Step S12, demodulating RE data is continued when the
buffer space has enough space to store the first predetermined
number of demodulated data and the first predetermined
number of demodulated data of RE data is stored in the buffer
space.

In some embodiments, the communication system is a
TD-LTE system and the downlink channel isa PDSCH. In the
following embodiments, the demodulation method of a
PDSCHina TD-LTE system is taken for example, which does
not tend to limit the scope of the invention.

To describe embodiments of present disclosure conve-
niently, structure of a TD-LTE frame is described. FIG. 3a
illustrates a schematic diagram of a TD-LTE frame structure
and FIG. 35 illustrates a schematic diagram of a radio
resource structure of a slot in a downlink channel.

Specifically, referring to FIG. 3a, T,is a length of a radio
frame, T~307200T,=10 ms. Each radio frame may include
ten subframes, where the length of each subframe is 30720 T
and each subframe may include two slots of length
T,,,~15360T.. Referring to FIG. 3b, a slot includes N ,“*

slot symb
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6

OFDM symbols. Each OFDM symbol has N, ;”*xN, _*Z sub-
carriers in frequency. One of the N,;2ZxN_*? subcarriers is
the smallest radio resource unit, which is referred to as RE.
The numbers of N, ,2F and Npz2PxN_ 2 may be set
according to relative communication protocols.

Hereunder, the demodulation method shown in FIG. 2 is
described in detail in conjunction with the schematic flow
chart of processing a PDSCH in a communication system in
the present disclosure shown in FIG. 4.

In a TD-LTE system, data sent from a base station to a UE
is mainly carried in the PDSCH. PDSCH demodulation of a
subframe is controlled by information carried in the PDCCH
of the subframe. First, the PDCCH of the current subframe is
demodulated and decoded to obtain PDSCH information.
And the PDSCH is demodulated according to the PDSCH
information. The demodulation and decoding of the PDCCH
is known to those skilled in the art and is not described in
detail.

TB (Transport block) data is invoked in subframe in the
PDSCH in the TD-LTE system. Each TB is segmented into
several Code Blocks (CB) according to communication pro-
tocol 3GPP TS 36.211 V8.7.0. The base station invokes the
size of the TB data and schemes for encoding and modulating
a channel according to MIMO channel information which is
transmitted in the TB data. The MIMO channel information
includes the numbers of transmitting and receiving antennae
in the TD-LTE system. For example, 2*2MIMO represents
the base station (namely, sending terminal) has 2 antennae
configured to transmit and receive data, and the UE (receiving
terminal) has 2 antennae configured to transmit and receive
data. In an air interface, the greatest number of the CW is
determined according to the minimum number of antennae
between the sending terminal and the receiving terminal. For
example, for 2*2MIMO, the number of CWs is 2. Each CW
carries one TB data.

Each TB data transmitted from the base station to the UE is
carried in the PDSCH and data carried in the PDSCH is
distributed in a plurality of OFDM symbols. Namely, the TB
data is distributed in a plurality of RE in the plurality of
OFDM symbols for transmission, thereby forming RE data. A
method for demodulating the RE data sent from the PDSCH
according to one embodiment of the disclosure may include
following process.

First, as described in Step S11, RE data belonging to the
downlink channel in OFDM symbols is demodulated one by
one to obtain demodulated data; the demodulated data is
stored in a buffer space; demodulating the RE data is sus-
pended when the buffer space does not have enough space to
store a first predetermined number of demodulated data.

In practice, before Step S11, the demodulation method
may further include: obtaining RE data corresponding to the
downlink channel in the OFDM symbols and CHE data cor-
responding to the OFDM symbols. In some embodiments, the
downlink channel may be a PDSCH. Referring to FIG. 4, the
process of a MEMO demodulator 26 obtaining the RE data
and the CHE data may refer to the description in background,
and is not described in detail herein.

The MIMO demodulator 26 demodulates the RE data in
the OFDM symbols one by one to obtain demodulated data.
The demodulated data is soft-bit data. It should be noted, all
the OFDM symbols demodulated one by one here are OFDM
symbols which include data carried in the PDSCH. Which
OFDM symbols include data carried in the PDSCH may be
determined by relative communication protocols.

The demodulated data may be stored in a buffer space 27.
Different from the existing technology, the buffer space 27 is
segmented into a plurality of buffer regions, such as CW
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buffer region 1, CW buffer region 2, . . . , and CW buffer
region n shown in FIG. 4. Each of the plurality of buffer
regions corresponds to one CW. As described above, since
each RE data belongs to a plurality of CWs, the demodulated
RE data belongs to a plurality of CWs as well.

Therefore, the demodulated data output by the MIMO
demodulator 26 is stored in corresponding buffer regions
respectively. Specifically, the RE data belonging to CW-1 is
stored in the CW buffer region 1 after being demodulated, the
RE data belonging to CW-2 is stored in the CW buffer region
2 after being demodulated, and so on, the RE data belonging
to CW-n is stored in the CW buffer region n after being
demodulated.

In some embodiments, the plurality of buffer regions may
be FIFO bufters. According to the MIMO channel informa-
tion, the amount of the buffer regions may be 2 or 4. Namely,
for 2*2MIMO, the sending terminal (base station) has 2
antennae and the receiving terminal (UE) has 2 antennae as
well. The number of the greatest CWs is 2 and the number of
the buffer regions corresponding to the CW in the buffer
spaceis 2. For 4*4MIMO, the sending terminal (base station)
has 4 antennae and the receiving terminal (UE) has 4 antennae
as well. The number of the greatest CW is 4 and the number
of the buffer regions corresponding to the CW in the buffer
space is 4.

Then demodulating the RE data is suspended when the
buffer space does not have enough space to store a first pre-
determined number of demodulated data. In some embodi-
ments, suspending demodulating RE data when the buffer
space does not have enough space to store the first predeter-
mined number of demodulated data means suspending
demodulating RE data as long as there is one buffer region
corresponding to a CW in the butfer space not having enough
space to store the first predetermined number of demodulated
data which belongs to the CW. This is because the RE data
belonging to different CWs is demodulated in parallel in the
UE and the demodulated data is stored in corresponding
buffer regions corresponding to the CWs. Therefore, it is
necessary to suspend demodulating RE data as long as there
is one buffer region corresponding to a CW in the buffer space
not having enough space to store the first predetermined
number of demodulated data. In some embodiments, the first
predetermined number may be equal to or greater than 1. In
practice, the first predetermined number may be a greater
value to reduce a coupling degree between the MIMO
demodulator 26 and a FEC decoder 28. In other words, the
greater the first predetermined number is, the less times the
MIMO demodulator 26 suspends demodulating, which
thereby improves consistency between the demodulation and
the decoding.

Thereafter, as described in Step S12, demodulating RE
data is continued when the buffer space has enough space to
store the first predetermined number of demodulated data and
the demodulated data of RE data is stored in the buffer space.

Specifically, according to Step S11, when the buffer space
does not have enough space to store the first predetermined
number of demodulated data, the MIMO demodulator 26
suspends demodulating RE data and waits for the FEC
decoder 28 to read the demodulated data from the buffer
space till the buffer space has enough space to store the first
predetermined number of demodulated data, at this time,
demodulating RE data processes are restored and demodu-
lated RE data is stored in the buffer space.

In some embodiments, the buffer space having enough
space to store the first predetermined number of demodulated
data means each buffer region corresponding to a CW in the
buffer space has enough space to store the first predetermined
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number of demodulated data which belongs to the CW. This
is also because the RE data belonging to different CWs are
demodulated in parallel and the demodulated RE data is
stored in different CW buffer regions respectively. So, it is
necessary for each buftfer region having enough space to store
the first predetermined number of demodulated data. Further-
more, processes of the MIMO demodulator 26 continuing
demodulating the RE data and storing the demodulated RE
data in the buffer space may refer to Step S11, which is not
described in detail herein.

In the following embodiment, the demodulation method is
described in detail. Provided that the number of OFDM sym-
bols which include data carried in the PDSCH is 13, the
sequence number of the first OFDM symbol Symbol, =1,
and the sequence number of the last OFDM symbol
Symbol,, =13, the number of buffer regions corresponding
to the CWs in the buffer space is 2, the first predetermined
number is X, wherein X>=1. Referring to FIG. 8, FIG. 8
illustrates a schematic flow chart of the demodulation method
in the embodiment.

In Step 1.1, initializing sequence numbers of OFDM sym-
bols from a first OFDM symbol which includes data carried in
the PDSCH, namely Symboly,=Symbol, =1, wherein
Symbol,,, denotes a sequence number of an OFDM symbol
which includes data carried in the PDSCH.

In Step 1.2, reading a RE data in the OFDM symbol with a
sequence number Symbol,,, successively according to the
mapping relation of RE data in the PDSCH and obtaining
CHE data corresponding to the OFDM symbol.

InStep 1.3, demodulating the read RE data, wherein the RE
data includes information modulated in 2 CWs. After
demodulation, demodulated data (soft-bit data) of the 2 CWs
is obtained and stored in corresponding buffer regions respec-
tively according to the CWs the demodulated data belonging
to. That is, the demodulated data belonging to a 1°* CW is
stored in a CW buffer region 1 and the demodulated data
belonging to a 2" CW is stored in a CW buffer region 2.

In Step 1.4, determining whether each CW buffer region
has enough space to store X demodulated data belonging to
different CWs or not; if each CW buffer region has enough
space to store X (X>=1) demodulated data belonging to the
each CW, proceeding to Step 1.6; otherwise, namely, as long
as there is one buffer region not having enough space to store
X demodulated data belonging to the CW, proceeding to Step
1.5.

In Step 1.5, suspending demodulating RE data; when each
buffer region in the buffer space has enough sapce to store X
(X>=1) demodulated data which belongs to the each CW,
proceeding to Step 1.6; otherwise, executing Step 1.5 repeat-
edly.

In Step 1.6, determining whether all the RE data corre-
sponding to the PDSCH in the OFDM symbol having a
sequence number of Symbol,,, are demodulated or not, if so,
proceeding to Step 1.7; otherwise, proceeding to Step 1.2.

In Step 1.7, Symbol,,=Symbol,,+1, determining
whether all the OFDM symbols are demodulated or not,
namely, whether the current Symbol,, is equal to
Symbol,,,+1 or not, if so, the demodulation of a subframe in
the PDSCH is finished; otherwise, proceeding to Step 1.2.

Embodiments of the present disclosure further provide a
demodulation apparatus in a communication system accord-
ing to the demodulation method. FIG. 5 illustrates a sche-
matic structure diagram of the demodulation apparatus in a
communication system according to one embodiment of the
present disclosure. In some embodiments, the communica-
tion system is a TD-LTE system and the downlink channel is
a PDSCH. In the following embodiment, a demodulation
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method of a PDSCH in a TD-LTE system is taken for
example, which should not tend to limit the scope of the
invention.

Referring to FIG. 5, a demodulation apparatus 3 includes a
demodulation unit 31, a storing unit 32 and a control unit 33.
The demodulation unit 31 is configured to demodulate RE
data belonging to the downlink channel in OFDM symbols
one by one to obtain demodulated data; the storing unit 32 is
configured to store the demodulated data in a buffer space; the
control unit 33 is configured to control the demodulation unit
31 to suspend demodulating the RE data when the buffer
space does not have enough space to store the first predeter-
mined number of demodulated data, and control the demodu-
lation unit 31 to continue demodulating RE data when the
buffer space has enough space to store the first predetermined
number of demodulated data and control the storing unit 32 to
store the demodulated RE data in the buffer space.

In some embodiments, since the RE data includes infor-
mation modulated in a plurality of CWs, the buffer space
includes a plurality of buffer regions. The demodulated data
includes a plurality of demodulated data belonging to difter-
ent CWs. The storing unit 32 is configured to store the plu-
rality of demodulated data belonging to different CWs in
corresponding buffer regions respectively. The demodulation
apparatus further includes a read unit 34 configured to read
one RE data in the OFDM symbols and the CHE data corre-
sponding to the downlink channel according to the mapping
sequence of RE data in the downlink channel before the
demodulation unit 31 demodulates the RE data.

In some embodiments, suspending demodulating RE data
when the buffer space does not have enough space to store the
first predetermined number of demodulated data means sus-
pending demodulating RE data as long as there is one buffer
region corresponding to the CW in the buffer space not having
enough space to store the first predetermined number of
demodulated data which belongs to the CW. Continuing
demodulating RE data when the buffer space has enough
space to store the first predetermined number of demodulated
data means continuing demodulating RE data when all the
plurality of buffer regions in the buffer space have enough
space to store the first predetermined number of demodulated
data which belong to difterent CWs. The buffer regions are
FIFO bufters, and the amount of the buffer regions may be 2
or 4 according to MIMO channel information, and the
demodulated data is soft-bit data.

The detailed process of the demodulation apparatus 3 may
refer to the detailed process of the demodulation method in a
communication system, which is not described in detail
herein.

Embodiments of the present disclosure further provide a
decoding method in a communication system, configured to
decode the demodulated data in the downlink channel. FIG. 6
illustrates a schematic flow chart of a decoding method in a
communication system according to one embodiment of the
present disclosure. Referring to FIG. 6, the decoding method
includes following steps of Step S21 and Step S22.

In Step S21, when the demodulated data in a buffer space is
enough to form a second predetermined number of CB data,
reading the demodulated data to form the second predeter-
mined number of CB data in the buffer space respectively.

In Step S22, decoding the second predetermined number of
CB data respectively.

A detailed process of the decoding method shown in FIG.
6 is described in the following part in conjunction with FIG.
4, which illustrates a schematic diagram of processing a
PDSCH in a communication system in the present disclosure.
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Different from the conventional technology, in some
embodiments, as described in Step S21, when demodulated
data in the buffer space 27 is enough to form a second prede-
termined number of CB data, the demodulated data to form
the second predetermined number of CB data in the buffer
space is read respectively.

Specifically, same as the demodulation method described
above, the buffer space 27 may include a plurality of buffer
regions, such as CW buffer region 1, CW buffer region
2,...,and CW buffer region n. Each CW buffer region stores
the demodulated data belonging to the CW buffer region
respectively, wherein the demodulated data is soft-bit data.
Furthermore, the buffer regions may be FIFO buffers and the
amount of the buffer regions may be 2 or 4 according to the
MIMO channel information.

In practice, the FEC decoder 28 determines whether the
demodulated data in each of the buffer regions is enough to
form the second predetermined number of CB data or not one
by one. If the demodulated data in one of the buffer regions
corresponding to a CW is enough to form the second prede-
termined number of CB data, the demodulated data enough to
form the second predetermined number of CB data and
belonging to the CW is read from the buffer region. The
second predetermined number is 1 to 3. In the following
example, the second predetermined number is 1. Namely,
when the demodulated data in the buffer space is enough to
form one CB data, the demodulated data enough to form the
second predetermined number of CB data is read respectively
from the buffer regions.

It is known to those skilled in the art that, in the TD-LTE
system, all the demodulated data belonging to a CB data is
stored in a buffer region corresponding to a CW. The number
of the demodulated data in a CB data is set according to
relative communication protocols and modulation param-
eters of different UE in advance. According to the advance
setting, when the demodulated data in at least one buffer
region (for example, CW buffer region 1) in the buffer space
is enough to form a CB data, the FEC decoder 28 reads the
demodulated data which forms the CB data.

Then, whether the demodulated data in the next buffer
region corresponding to next CW (for example, CW buffer
region 2) is enough to form one CB data or not is determined,
and so on, till a last buffer region (for example, CW buffer
region n) in the buffer space is determined, and then proceed
to a first buffer region (for example, CW buffer region 1) to
determine, and so on, till all the buftfer regions (namely, CW
buffer region 1 to CW buffer region n) in the buffer space are
determined. In the decoding method in the present disclosure,
the demodulated data in a plurality of buffer regions is read
evenly without a situation that the demodulated data in one of
the plurality of buffer regions is read continuously to be
decoded, while demodulated data in other buffer regions is
kept waiting to be read. Therefore, the present disclosure
ensures that the demodulated data is input into each of the
plurality of buffer regions continuously.

According to the mentioned embodiment where the second
predetermined number is 1, the embodiment where the sec-
ond predetermined number is 2 or 3 may be performed by
those who skilled in this art, which is not described in detail
therein.

Furthermore, in some embodiments, the FEC decoder 28
suspends decoding when the demodulated data in the buffer
space is not enough to form the second predetermined num-
ber of CB data, and waits the MIMO demodulator 26 to
demodulate the RE data and stores the demodulated RE data
in the buffer space 27. When the demodulated data in the
buffer space 27 is enough to form the second predetermined
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number of CB data, the FEC decoder 28 reads all the demodu-
lated data to form each of the second predetermined number
of CB data in the buffer space respectively.

As described in Step S22, the second predetermined num-
ber of CB data is decoded respectively.

Specifically, referring to FIG. 4, according to the second
predetermined number of CB data read in Step S21, the FEC
decoder 28 decodes the second predetermined number of CB
data respectively. The detailed decoding process may refer to
the prior art, including processes performed by a de-scramble
unit, a de-rate matching unit 282, a HARQ unit 283, a channel
decoding unit 284 and a CRC (Cyclic Redundancy Check)
check unit 285 and so on. The mentioned processes are known
to those skilled in this art, which are not described in detail.

In practice, after decoding the demodulated data in CB
data, a check needs to be performed on the decoded data, such
as a CRC check. If the check is successful, information codes
in the CB data need to be concentrated to form TB data. It is
known to those skilled in this art that each of the CB infor-
mation codes in one TB data is cached in a same CW buffer
region. Therefore, when the CB data extracted from a CW
buffer region (after the check, only the information codes in
the CB data need to be extracted) is enough to form one TB
data, the CB information codes in the CB data are concen-
trated in certain order to form one TB data, where the number
of the CB information codes in each TB data and the certain
order is determined according to corresponding communica-
tion protocols, which is not described in detail.

Further to above modulation embodiment, a decoding
method is described hereunder. Similarly, in some embodi-
ments, the number of the OFDM symbols which carried by
the PDSCH is 13, the number of the CW buffer regions in the
buffer space is 2, the first predetermined number is X (X>=1)
and the second predetermined number is 1. FIG. 9 illustrates
a schematic flow chart of the decoding method according to
some embodiments of the present disclosure.

Step 2.1 sequence numbers of CWs from the first CW
buffer region in the buffer space is initialized, namely,
CW,,,=0, wherein CW,,, represents the sequence number of
a CW; and an array CByo[ 1={0, 0, . . . 0} is initialized,
wherein CB,,,[ ] represents the sequence number of the cur-
rent CB data in each CW, the size of CB,,,[ ] is CW,,,,,,,, being
the number of the CWs. In the embodiment, CW,,, is 2, thus
the array is initialized as CBy,[ 1={0, 0}, wherein CB,,,
[CW y6]=0, namely, CB,,,[0]=0 and CB,,,[1]=0.

Step 2.2, whether the demodulated data in a buffer region
corresponding to the CW ,,, is enough to form one CB data or
not is determined; if so, proceeding to Step 2.3; otherwise,
proceeding to Step 2.5.

Step 2.3, all the demodulated data (soft-bit data) in the
current CB data is read from the CW,,, bufter region accord-
ing to the current CB,,,|CW ,,,] and the data (FEC decoding)
is decoded.

Step 2.4, CW o[ CW o |[=CW o o[CW yol+1, namely, the
sequence number of the current CB data in the CW,,, buffer
region is increased by 1.

Step 2.5, CW,,=(CW,,+1)mod CW,, . namely, the
sequence number of the CW buffer region is increased by 1.

Step 2.6, whether all the CB data in the CW ,,, buffer region
is decoded or not is determined, namely, whether CB,,,
[CWyol is CB,,,,,[CW,,l or not, wherein CB,,,,,[ ] is an
array representing the number of CB data in each CW buffer
region and the length of CB,,,,,[ ] is CW,,,,.,; in the embodi-
ment, CB,,,,.[ 1719, 9}, namely, CB,,,,,,[0]=9 and CB,,,,,.[1]=
9; if CWoo[CW ol is CB,,,,.[CWol, proceeding to Step
2.7; otherwise, proceeding to Step 2.2.
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Step 2.7, whether all the CB data in all the CW buffer
region is read or not is determined, namely, whether CW,,,
[CW o] of all the CW buffer regions are equal to CB,,,,,,
[CW y0] or not; if so, the decoding in the subframe is finished;
otherwise, proceeding to Step 2.5.

Embodiments of the present disclosure further provide a
decoding apparatus in a communication system, configured
to decode the demodulated data in the downlink channel. FIG.
7 illustrates a schematic structure diagram of the decoding
apparatus in a communication system according to one
embodiment of the present disclosure.

Referring to FIG. 7, the decoding apparatus includes a
reading unit 41 and a decoding unit 42. The reading unit 41 is
configured to read all the demodulated data which forms each
of'the second predetermined number of CB data in the buffer
space respectively, when the demodulated data in the buffer
space is enough to form a second predetermined number of
CB data; the decoding unit 42 is configured to decode the
second predetermined number of CB data read by the reading
unit 21 respectively. The second predetermined number s 1 to
3.

In some embodiments, the buffer space includes a plurality
of'buffer regions corresponding to CWs. Each of the plurality
of buffer regions stores the demodulated data belonging to a
corresponding CW respectively. The reading unit 41 is con-
figured to read all the demodulated data which forms each of
the second predetermined number of CB data in the CW
buffer regions respectively. The CW buffer regions are FIFO
buffers. The amount of the buffer regions may be 2 or 4
according to the MEMO channel information. In some
embodiments, the demodulated data is soft-bit data.

The detailed process of the decoding apparatus 4 may refer
to the detailed process of the decoding method in a commu-
nication system, which is not described in detail.

Embodiments of the present disclosure further provide a
baseband chip in a UE. The baseband chip includes the
demodulation apparatus 3 shown in FIG. 5 and the decoding
apparatus 4 shown in FIG. 7. In practice, there is a buffer
space between the demodulation apparatus 3 and the decod-
ing apparatus 4. The buffer space is configured to store the RE
data demodulated data demodulated by the demodulation
apparatus 3 and provide all the demodulated data which is
enough to form the second predetermined number of CB data
for the decoding apparatus 4. Therefore, the demodulation
apparatus 3 and the decoding apparatus 4 may perform in
parallel.

Furthermore, according to the demodulation method and
the decoding method in the present disclosure, the demodu-
lation apparatus 3 demodulates the RE data in a subframe to
obtain demodulated data and store the demodulated data in
the CW buffer regions in the buffer space. However, the
decoding apparatus 4 read all the demodulated data which
forms each of the second predetermined number of CB data in
the buffer space respectively, once the demodulated data in
the buffer space surely forms the second predetermined num-
ber of CB data, and decodes the CB data respectively. There-
fore, the demodulated data in the buffer space is reduced and
the buffer space in the baseband chip is saved.

In the following example, the largest CASE required by a
Category 3 cell phone in a TD-LTE system is taken for
example. Bandwidth (BW) is 20 MHZ, Resource Block
Number (RB Number) is 100, Modulation and Coding
Scheme Index (MCS Index) is 23 and 2x2 MIMO, CW is 2
(QAM64 modulation, each CW carrying 9 CB data) and one
demodulated data occupies one Byte (totally 8 bit).

According to the conventional technology, buffer space of
a decoding method in subframe is: 100x(3x10+10x12)x6x
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2x2=360 kByte (the greatest number of OFDM symbols
including data in PDSCH being 13, where 3 OFDM symbols
carry Reference signal (RS)), QAM64 modulation, 2%2
MIMO, and buffer space being ping-pong buffer.

According to the decoding method in the present disclo-
sure, size of a buffer space may vary according to different
demodulation methods and decoding methods. But at least
one maximum soft-bit data for decoding one CB data needs to
be cached (the maximum is 3x6176). In a practical system in
the Category 3 cell phone, to make a MIMO demodulator and
a FEC decoder perform in parallel and achieve the require-
ment of decoding sequence, only the maximum soft-bit data
for decoding 2.5 CB data needs to be cached in the buffer
space. Thus, size of the required buffer space is: 2x3x6176x
2.5=92.64 kByte (2 CW butfer regions, number of the maxi-
mum soft-bit data for decoding 2.5 CB data).

Compared with the prior art, the demodulated data in the
buffer space is reduced by 267.36 kByte according to the
above embodiment in the present disclosure. Besides, it is not
necessary to start decoding only when there is a subframe
demodulated data in the buffer space. Therefore, decoding
delay may decrease and the real-time performance of a com-
munication system may be improved.

In conclusion, the present disclosure provides a demodu-
lation method in a communication system. The demodulation
method is configured to demodulate service data in a down-
link channel, including: demodulating RE data belonging to
the downlink channel in OFDM symbols one by one to obtain
demodulated data; storing the demodulated data in a buffer
space; suspending demodulating the RE data when the buffer
space is not big enough to store a first predetermined number
of demodulated data; continuing demodulating RE data when
the buffer space is big enough to store the first predetermined
number of demodulated data and storing the demodulated
data of RE data in the buffer space. Since the RE data belongs
to a plurality of CWs, accordingly, the buffer space includes
a plurality of buffer regions corresponding to the CWs. The
demodulated data is stored in corresponding buffer regions
according to the CW the demodulated data belongs to.

The present disclosure further provides a decoding method
in a communication system based on the demodulation
method. The decoding method is configured to: when the
demodulated data in a buffer space is enough to form a second
predetermined number of CB data, reading all the demodu-
lated data in the buffer space respectively, which forms each
of the second predetermined number of CB data; decoding
the second predetermined number of CB data. The buffer
space includes a plurality of buffer regions and each of the
plurality of buffer regions stores the demodulated data
belonging to a corresponding CW. Accordingly, the demodu-
lated data enough to form each of the second predetermined
number of CB data and belonging to each CW is read respec-
tively from the CW buffer regions. In some embodiments, the
buffer regions may be FIFO buffers. When the demodulated
data in the buffer regions is enough to form the second pre-
determined number of CB data, all the decoded data inthe CB
data is read one by one in the order of FIFO and the CB data
is decoded then.

In the present disclosure, in a baseband chip in a UE, the
demodulation process stores the demodulated RE data in a
buffer space constantly while the decoding process starts
decoding as long as there one CB data is cached in the buffer
space; the demodulation process suspends and waits the
decoding process to read the demodulated data when the
buffer space is full of the demodulated data, the decoding
process is suspends to decode, in order to wait the demodu-
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lation process to store the demodulated data in the buffer
space when there is less than one CB data in the buffer space.

It’s not necessary to start decoding until there are a sub-
frame demodulated data in the buffer space. The decoding
process starts when at least one CB data is cached in the buffer
space. As a result, demodulation and decoding of one sub-
frame may be performed in parallel, thereby saving the
memory space in the baseband chip. Furthermore, since
decoding process starts decoding when only one CB data is
cached in the buffer space, decoding delay may be decreased
and the real-time performance of a communication system
may be improved.

Although the present disclosure has been disclosed as
above with reference to preferred embodiments thereof but
will not be limited thereto. Those skilled in the art can modify
and vary the embodiments without departing from the spirit
and scope of the present disclosure. Accordingly, without
departing from the scope of the present invented technology
scheme, whatever simple modification and equivalent varia-
tion belong to the protection range of the present invented
technology scheme.

What is claimed is:

1. A demodulation method in a communication system
configured to demodulate service data in a downlink channel,
comprising:

demodulating Resource Element (RE) data belonging to

the downlink channel in Orthogonal Frequency Division
Multiplexing (OFDM) symbols one by one to obtain
demodulated data and storing the demodulated data in a
buffer space;

suspending demodulating RE data when the buffer space

does not have enough space to store a first predetermined
number of demodulated data; and
continuing demodulating RE data when the buffer space
has enough space to store the first predetermined num-
ber of demodulated data and storing the demodulated
RE data in the buffer space;

where RE data comprises information modulated in a plu-
rality of Code Words (CW3s), the buffer space comprises
a plurality of buffer regions corresponding to CWs
respectively, the demodulated data comprises a plurality
of demodulated data belonging to different CWs and
storing the demodulated data in the buffer space com-
prises storing the demodulated data belonging to differ-
ent CWs in corresponding buffer regions corresponding
to CWs respectively.

2. The demodulation method according to claim 1, where
suspending demodulating RE data when the buffer space does
not have enough spaceto store the first predetermined number
of'demodulated data comprises suspending demodulating RE
data as long as there is one buffer region corresponding to a
CW in the buffer space not having enough space to store the
first predetermined number of demodulated data belonging to
the CW.

3. The demodulation method according to claim 1, where
continuing demodulating RE data when the buffer space has
enough space to store the first predetermined number of
demodulated data comprises: continuing demodulating RE
data when each of the plurality of buffer regions correspond-
ing to different CWs in the buffer space has enough space to
store the first predetermined number of demodulated data
belonging to the CWs.

4. The demodulation method according to claim 1, where
the bufter regions are First Input First Output (FIFO) buffers.

5. The demodulation method according to claim 1, where
the amount of the buffer regions is 2 or 4.
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6. The demodulation method according to claim 1, wherein
the first predetermined number is equal to or greater than 1.

7. The demodulation method according to claim 1, where
the demodulated data is soft-bit data.

8. The demodulation method according to claim 1, wherein
before demodulating RE data in OFDM symbols one by one,
the method further comprises: obtaining RE data correspond-
ing to the downlink channel in the OFDM symbols and chan-
nel estimation data corresponding to the OFDM symbols.

9. The demodulation method according to claim 1, where
the communication system is a Time Division-Long Term
Evolution (TD-LTE) system and the downlink channel is a
Physical Downlink Shared Channel (PDSCH).

10. A demodulation apparatus in a communication system
configured to demodulate service data in a downlink channel,
comprising:

a demodulation unit configured to demodulate Resource
Element (RE) data belonging to the downlink channel in
Orthogonal Frequency Division Multiplexing (OFDM)
symbols one by one to obtain demodulated data;

a storing unit configured to store the demodulated data
from the demodulation unit in a buffer space; and

a control unit configured to control the demodulation unit
to suspend demodulating RE data when the buffer space
does not have enough space to store the first predeter-
mined number of demodulated data, and control the the
demodulation unit to continue demodulating the RE data
when the buffer space has enough space to store the first
predetermined number of demodulated data and control
the storing unit to store the demodulated RE data in the
buffer space;

where the RE data comprises information modulated in a
plurality of Code Words (CWs), the buffer space com-
prises a plurality of buffer regions corresponding to
CWs respectively, the demodulated data comprises a
plurality of demodulated RE data belonging to different
CWs and the storing unit is configured to store the
demodulated data belonging to different CWs into cor-
responding buffer regions corresponding to CWs
respectively.

11. The demodulation apparatus according to claim 10,
where suspending demodulating RE data when the buffer
space does not have enough space to store the first predeter-
mined number of demodulated data comprises: suspending
demodulating RE data as long as there is one buffer region
corresponding to a CW in the butfer space not having enough
space to store the first predetermined number of demodulated
data belonging to the CW.

12. The demodulation apparatus according to claim 10,
where continuing demodulating RE data when the buffer
space has enough space to store the first predetermined num-
ber of demodulated data comprises: continuing demodulating
RE data when each of the plurality of buffer regions corre-
sponding to CWs respectively in the buffer space has enough
space to store the first predetermined number of demodulated
data belonging to the CWs.

13. The demodulation apparatus according to claim 10,
where the buffer regions are First Input First Output (FIFO)
buffers.

14. The demodulation apparatus according to claim 10,
where the amount of the buffer regions is 2 or 4.
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15. The demodulation apparatus according to claim 10,
where the first predetermined number is equal to or greater
than 1.

16. The demodulation apparatus according to claim 10,
where the demodulated data is soft-bit data.

17. The demodulation apparatus according to claim 10,
further comprising: a reading unit configured to read RE data
in the OFDM symbols and the channel estimation data cor-
responding to the OFDM symbols according to the mapping
relation of RE data in the downlink channel, before the
demodulation unit demodulates RE data.

18. The demodulation apparatus according to claim 10,
where the communication system is a Time Division-Long
Term Evolution (TD-LTE) system and the downlink channel
is a Physical Downlink Shared Channel (PDSCH).

19. In a communication system configured to decode
demodulated data in a downlink channel, where different
parts of the demodulated data are transmitted to a buffer space
one by one and stored into different buffer regions of the
buffer space according to Code Words (CWs), respectively, a
decoding method comprising:

before all the demodulated data are received by the buffer
space, once a first part of the demodulated data stored in
one of the buffer regions reaches an amount enough to
form a second predetermined number of Code Block
(CB) data, reading the second predetermined number of
CB data, respectively; and

decoding the second predetermined number of CB data
respectively.

20. The decoding method according to claim 19, where the

buffer regions are First Input First Output (FIFO) buffers.

21. The decoding method according to claim 19, where the
amount of the buffer regions is 2 or 4.

22. The decoding method according to claim 19, where the
second predetermined number is 1 to 3.

23. The decoding method according to claim 19, where the
demodulated data is soft-bit data.

24. A decoding apparatus in a communication system con-
figured to decode demodulated data in a downlink channel,
where a buffer space receives different parts of the demodu-
lated data one by one and different buffer regions of the buffer
space stores the different parts of the demodulated data
according to Code Words (CWs), respectively, the decoding
apparatus comprising:

a reading unit configured to: before all the demodulated
data are received by the buffer space, once a first part of
the demodulated data stored in one of the buffer regions
reaches an amount enough to form a second predeter-
mined number of Code Block (CB) data, read the second
predetermined number of CB data, respectively; and

a decoding unit configured to decode the second predeter-
mined number of CB data, respectively.

25. The decoding apparatus according to claim 24, where

the bufter regions are First Input First Output (FIFO) buffers.

26. The decoding apparatus according to claim 24, where
the amount of the buffer regions is 2 or 4.

27. The decoding apparatus according to claim 24, where
the second predetermined number is 1 to 3.

28. The decoding apparatus according to claim 24, where
the demodulated data is soft-bit data.
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